INTRODUCTION
Evidence from ALF (airborne laser fluorescence) detection methods and asphaltite strandings on the adjacent coastline suggest hydrocarbon leakage is occurring in the Great Australian Bight region (Somerville, 2001) . Asphaltite strandings have been associated with seismic activity. Hence fault reactivation within the in situ stress field appears to control leakage of hydrocarbons from the subsurface. Faulting and fracturing associated with the in situ stress field has been shown to control trap breaching in the North Sea (Gaarenstroom et al., 1993) , Gulf of Mexico (Finkbeiner et al., 2001 ) and also the Timor Sea (Hillis, 1998; Mildren et al., 2002) . The in situ stress field and consequent risk of reactivation of different fault orientations has been evaluated in the Bight Basin in order to assess the risk of fault seal breach at seismically mapped prospects.
The key step in determining the risk of fault seal breach due to fault reactivation within the in situ stress field is determining the in situ stress field itself. The in situ stress field is determined from drilling and logging data acquired from nine offshore exploration wells drilled in the Bight Basin. Of the nine wells, six are clustered in the Duntroon Sub-basin. In order to gain a better understanding of the regional stress field additional wells in the adjacent Polda Basin have been included in this study.
METHOD
Fault reactivation is closely linked to subsurface fluid flow and hence the migration, accumulation, breaching and remigration of hydrocarbons. There is abundant evidence that active faults and fractures, ie. those subject to stresses close to those that induce failure, provide high permeability conduits for fluid flow during deformation (Sibson, 1994) . Reactivation can breach fault-bound traps even if there is fault juxtaposition-and/or fault damage-related seal.
In the FAST (Fault Analysis Seal Technology) technique used herein, the risk of fault reactivation is determined using the stress tensor (Mohr circle) and fault-rock strength (failure envelope). For a more detailed discussion on the FAST methodology see Mildren et al. (2002) . Brittle failure is predicted if Mohr's circle touches the failure envelope. All fault orientations plot within the Mohr's circle and those closest to the failure envelope are at greatest risk of reactivation. The horizontal distance between each fault plane and the failure envelope indicates the increase in pore pressure (∆P) required to cause reactivation and is used as the measure of the likelihood of fault reactivation in the FAST technique. A small ∆P infers a high likelihood of reactivation and a large ∆P infers a low likelihood of reactivation. The ∆P value for each plane can be plotted on a steronet as poles to planes. The risk of reactivation of any pre-existing fault orientation is then read from the steronet. A composite Griffith-Coulomb failure envelope has been assumed in this study. No fault rock failure envelopes are available for the area, thus a cohesive strength of 5 MPa and friction angle of 0.6 have been assumed.
The water depth across the Bight Basin varies by over 1000 m and thus provides a significant problem when analysing the in situ stress field for the entire basin. In order to over come the problem associated with water depth, effective stress (total stress -pore pressure) has been used in this study instead of the total stress, which is conventionally used.
RESULTS

In Situ Stress Field
The maximum horizontal stress (SHmax) orientation in the Bight Basin was determined by interpreting borehole breakout directions in 4-arm dipmeter (HDT) logs from four
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Sv' = 10.46 z 1.179 , 1
where Sv' is in MPa and z is depth in kilometres below seabed. A total of seven leak-off test pressures were performed in four wells over the region. The reliable leak-off test pressures were plotted along with the formation integrity tests as effective stress magnitudes in order to compare wells in varying water depths (Figure 2 ). The lower bound to the effective pressures from leak-off tests suggests that the effective minimum horizontal stress (Shmin') gradient is approximately 6 MPa/km. Due to the lack of leak-off data, especially below 2000 m, the Shmin' gradient can not be well constrained for the Bight Basin. Nonetheless, it is clear from the results that the magnitude of Shmin' is less than that of Sv'.
The effective maximum horizontal stress (SHmax') magnitude is generally the most difficult component of the stress tensor to determine. Broad limits can be placed on SHmax' based on the frictional limits to stress beyond which faulting occurs. The frictional limits to SHmax' have been determined assuming a coefficient of friction (µ) of 0.6 and normally pressured sediments. The maximum SHmax' gradient based on frictional limits is 18.7 MPa/km ( Figure 2) . As a consequence the region may be in a strike-slip faulting (Shmin'< Sv' < SHmax') stress regime. However, a normal faulting (Shmin' < SHmax' < Sv') stress regime cannot be ruled out due to the lack of data constraining the magnitude of SHmax'. Hence in our analysis of fault reactivation/seal breach risk we have considered three cases: a strike-slip faulting (Shmin'< Sv' < SHmax') stress regime case, a normal faulting (Shmin' < SHmax' < Sv') stress regime case and a case on the boundary of strike-slip and normal faulting stress regimes (Table 2 ; Figure 3 ). The effective stress magnitude for the three cases was determined at a depth of 1000 m below seabed. Figure 4 shows an example total stress versus depth plot for the case of 400 m water depth using the determined effective stresses and assuming hydrostatic pore pressure. Total stress magnitudes have been listed for a depth of 1400 m. 
Risking Fault Reactivation and Seal Integrity
In case I (strike-slip stress regime) vertical faults striking approximately 100 o N and 160 o N are the most likely to be reactivated (Figure 5a ). Hence traps requiring such faults to be sealing are the most likely to be breached within the in situ stress field. Vertical faults striking 130 o N are located between that conjugate shear pair and are also at high risk of reactivation/breach. Faults striking between 75 o N and 180 o N show little reduction in their risk of reactivation with decreasing dip until shallow dips (<40°) are attained. Faults striking 40 o N and of any dip (and horizontal planes) are the least likely to be reactivated. Hence traps requiring such faults to be sealing are the least likely to be breached within the in situ stress field. At 1 km depth below seabed, and assuming the failure envelope in Figure 5 , vertical 160°N and 100°N trending faults require an increase in pore pressure of only slightly in excess of 2 MPa for reactivation/seal breach.
Both case II (strike-slip/normal stress regime) and case III (normal stress regime) show significantly less range in ∆P values than in case I ( Figure 5 ). The ∆P values in case II and III range between 5.8 and 10 MPa. In case II faults striking 40 o N of any dip are the least likely to be reactivated. In case III, however, horizontal faults with dips up to 30 o are the least likely to be reactivated. In general, most fault orientations and dips in both case II and III show a similar propensity to be reactivated. In all three stress cases faults striking 40 o N (±15 o ) of any dip are the least likely to be reactivated. Thus, traps requiring such faults to be sealing are the least likely to be breached within all three stress cases investigated. The magnitude of ∆P required to reactivate faults of this orientation decreases from case I to case III.
CONCLUSIONS
The in situ stress field in the Bight Basin has been determined from limited petroleum well data in the region. Borehole breakouts indicate the SHmax orientation is 130 o N. The large variation in water depths across the Bight Basin required the use of effective stress magnitudes instead of conventional total stresses. Stress magnitude estimates for the Bight Basin indicates the region is possibly in a strike-slip faulting (Shmin < Sv < SHmax) to normal faulting (Shmin < SHmax < Sv) stress regime. (Table 2) . Numerical values on scale refer to increase in fluid pressure required to cause reactivation (∆ ∆ ∆ ∆P). Equal angle, lower hemisphere stereographic projection of poles to planes.
